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Abstract

The use of Audience Response Systems (ARS) or “clickers” in higher education has
increased over recent years, predominantly owing to their ability to actively engage students,
for promoting individual and group learning, and for providing instantaneous feedback to
students and teachers. This paper describes how group-based ARS quizzes have been
integrated into an undergraduate civil engineering course on foundation design. Overall, the
ARS summary quizzes were very well received by the students. Feedback obtained from the
students indicates that the majority believed the group based quizzes were useful activities,
which helped to improve their understanding of course materials, encouraged self-assessment
and assisted preparation for their summative examination. Providing students with clickers
does not, however, necessarily guarantee the class will be engaged with the activity. If an
ARS activity is to be successful, careful planning and design must be carried out and
modifications adopted where necessary, which should be informed by the literature and
relevant student feedback.

Keywords: active learning, clickers, civil engineering, peer interaction

1. Introduction

Active learning enhances understanding and longer lasting memory retention (Bligh 1998;
Felder and Brent 2003). Shuell (1986) suggested that if students are to learn desired outcomes
in a reasonably effective manner, then the teacher’s fundamental task is to get students to
“engage in learning activities that are likely to result in their achieving those outcomes”.
Entwhistle (1997) suggested that this fundamental task involves encouraging students to
adopt a deeper approach to learning, where students think critically and interact actively with
the information they receive rather than accepting it passively and simply reproducing it
during assessment. In an engineering learning environment, students may be exposed to a
wide range of methods aimed at stimulating active learning, some examples of which include
problem-based learning (Huntzinger et al. 2007; Hansa 2008; Gavin 2011), real world
demonstrations (Shapira 2005; Todd et al. 2005; Ashford and Mills 2006), design projects
(McAlpine et al 2006; Dowlen and Townsend 2011) and virtual experiments (Kajewski 1999;
Vera et al, 2006; Shekar 2007).

The use of handheld, wireless Audience Response System (ARS) devices (also called
electronic voting systems, classroom communication systems or simply “clickers”) in higher
education has increased over recent years, predominantly owing to their ability to actively
engage students, for promoting individual and group learning, and for providing
instantaneous feedback to students and teachers (Nicol and Boyle 2003; Reay et al. 2008;
Davenport et al. 2009; Schmidt 2011). Students are supplied with a clicker and use them to
select answers to multiple choice questions. This information is then gathered wirelessly (or
wired) by a computer and the distribution of resultant answers can be instantly displayed on
screen for review and discussed with the class.
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This paper describes a case study based on the regular use of group based ARS
quizzes for supporting active learning and peer interaction in an undergraduate civil
engineering course. A review of relevant higher education case studies involving ARS is
firstly carried out. The design of the ARS activities is then described in detail and subsequent
feedback from students is discussed.

2. Audience Response Systems

A large number of authors have recently discussed the benefits and limitations of using
Audience Response Systems in higher education (e.g. Nicol and Boyle 2003; Fies and
Marshall 2006; Caldwell 2007; Davenport et al. 2009; Bashforth and Parmar 2010; Schmidt
2011). Davenport et al. (2009), for example, suggested a number of ways in which ARS
could be used to support student learning, such as (1) for diagnostic assessment at the
beginning of a lecture, (2) for monitoring understanding of the context by students, (3) for
enabling the provision of immediate feedback within the context, (4) for keeping students
actively engaged in their learning and (5) for promoting peer interaction and support.
Diagnostic assessment at the beginning of a lecture refers to the use of ARS as a tool for
assessing student’s prior knowledge of a subject or even for checking attendance (Bashforth
and Parmar 2010). Guthrie (2004) observed that understanding is significantly improved
when students received corrective feedback for incorrect answers. This was also discussed by
Kulik and Kulik (1988) who discussed the positive impact that immediate feedback may have
on student learning. The importance of formative feedback was also highlighted by Biggs and
Tang (2007) who suggested that “the effectiveness of different teaching methods is directly
related to their ability to provide formative feedback”. In terms of a direct link to improved
academic performance, Fang (2009) observed a strong relationship between success in clicker
quizzes and subsequent exam performance. In addition to providing feedback to the student,
ARS may also provide valuable feedback to the lecturer as the responses from the students
may be collected and subsequently analysed in order to identify areas of a course which may
need further attention.

ARS has also been used by some authors for supporting and improving peer
interaction between students (Nicol and Boyle 2003; Schmidt 2011). Nicol and Boyle (2003),
for example, reported that students found it easier to understand difficult concepts, when
explained by a peer. They suggested that peer discussion leads to points of agreement and
disagreement, leading to students challenging and justifying different points of view, which
“results in students jointly negotiating or constructing an improved conceptualisation based
on a reconciliation of their different interpretations”. In short, it encourages a deeper
approach to learning. Schmidt (2011) observed that peer interaction during ARS classes
resulted in students having a better conceptual understanding of the subject being taught
(engineering dynamics). This study also indicated that peer interaction in this manner can
improve a student’s ability to self-assess and critically analyse problems. A number of
authors have also argued that ARS can be very supportive of student learning if used with
large class sizes (Nicol and Boyle 2003; Caldwell 2007; Bashforth and Parmar 2010). In
large classes students may not have an opportunity or may not feel comfortable contributing
to oral, class-wide discussion. In contrast to this, ARS activities afford the opportunity for all
students to anonymously contribute an answer to each question posed. Also, the study of
Nicol and Boyle (2003) suggested that with increasing numbers of students, class-wide
discussion becomes progressively more difficult for teachers to manage. They observed that
peer instruction using ARS is relatively easy to manage, even with large class sizes.
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Guthrie (2004) pointed out that ARS technology incorporates several concepts within
which the modern student is familiar, notably the inclusion of ubiquitous technologies, the
sense of social networking and interaction, and the instant visual reward for participation.
They suggested that ARS may provide the lecturer with a means of engaging the students that
fits with the current technologically saturated culture.

In terms of potential limitations of ARS activities, Trees and Jackson (2007) and
Draper and Brown (2002) reported that some students were distracted and others were
disengaged from clicker activities. Trees and Jackson (2007) recommend that students should
be informed of the relevance of the activity for their learning at the outset. They suggested
that the success of clickers depends less on the teacher and more on the students’ willingness
to accept and use them. Clearly, however, it is the role of the teacher to design interesting
activities that are stimulating for the student cohort. If the activities are to be successful,
careful planning and design must be carried out and informed by best practice, as discussed in
the literature.

3. Design and integration of ARS quizzes into a course on foundation design
The use of ARS for supporting active learning and peer interaction was trialed on a second
year Civil Engineering course (Foundation Design) at the University of Bath. Although the
students had some prior knowledge of soil mechanics, this course represents their first
engagement with the more practical elements of geotechnical engineering. Although the class
size was relatively large, with an average of 74 students in attendance, as discussed above, a
number of authors have demonstrated the benefits of using ARS with large groups (Nicol and
Boyle 2003; Caldwell 2007; Bashforth and Parmar 2010). It was therefore decided to trial the
ARS system, by incorporating a number of summary quizzes into the course. The overall
aims of the trial were (i) to provide an enjoyable means of summarising different parts of the
course, (ii) to develop understanding throughout the course by providing regular formative
feedback to the students, (iii) to encourage students to self-assess their understanding of the
course materials and (iv) to promote active learning via peer interaction between the students.
The foundation design course, at the University of Bath, is taught in three individual
sub-sections, site investigation (weeks 1-3), shallow foundations (weeks 4-7) and deep
foundations (weeks 8-11). In order to develop understanding throughout the course, in the
last lecture of each section, an hour long ARS quiz was conducted. Providing regular
feedback to students was recommended by Taylor (2008), who pointed out that “Early
assessments are important for novice students to ensure that engagement is encouraged and
feedback provided early”. Although they are not quite novice students, being in their 2" year,
this is the first time that they will have encountered the practical side to geotechnical
engineering and so may be considered novices with regard to their prior understanding.
Taylor (2008), recommended that in the early stages of a course, assessments providing
formative feedback should be relatively easy and as the course proceeds should be designed
to get progressively more difficult. Taylor suggested that during the final weeks of a course,
formative assessments should be more challenging and aimed at preparation for summative
assessments. Taking this into account, each ARS quiz was designed to be a little more
challenging than the previous one in order to assist student preparation for final assessment.
At the outset, it was decided that in order to encourage peer interaction between
students, the class would be divided into groups of around 6 students, with only one clicker
provided to each group. As a result, students needed to work together in order to formulate a
collective answer to a question posed. This is, of course, different to the majority of cases
discussed in the literature where clickers are provided to individuals, rather than to a group of
students. Discussions with other teachers, experienced in the use of ARS, suggested that
when all students are each provided with a clicker, the level of interest and peer interaction



reduces as an activity progresses. It was observed, however, at an early stage, that when large
groups of more than 7 students were assembled, students on the periphery of the groups
appeared to rapidly lose interest as they were not always able to interact with the group
discussion. Also, it was felt that groups of 2 or 3 students would be at a significant
disadvantage when it came to pooling their knowledge and understanding for answering the
questions. It was therefore decided that for all quizzes, each of the groups would have a
minimum of 4 and a maximum of 6 students. The division of the class into groups or teams
brought about a lively and mildly competitive atmosphere in which each of the groups really
wanted to win the quiz. To avoid a simple test of memory and encourage the development of
understanding, students were also allowed to consult their notes during the quizzes.

As recommended by Trees and Jackson (2007), before each quiz commenced the
class was informed of the learning outcomes of the activity and the importance of their
participation. Two dummy questions were also posed before the start of the quiz, in order to
ensure that that all clickers were functioning properly and to confirm that the overall system
of data collection and presentation was working correctly.

Following the activity, the university’s Virtual Learning Environment (VLE) was
used for providing formative feedback to students by placing all quiz questions and answers
and group results online.

3.1.  Designing questions & answers

When creating interactive multiple choice quizzes, with the aim of developing understanding,
the most challenging aspect from the lecturers’ point of view involves the design of
appropriate questions and the selection of suitable answers. Rhem (2009) discusses design of
questions for interactive quizzes and suggests that although multiple choice questions are
generally thought to only encourage factual recall, questions can be designed to have “really
good wrong answers”, where students must think about the validity of each before choosing
what they perceive to be the most likely answer. A maximum of five possible answers were
provided in the present study, for each question, although the majority of questions contained
only 3 or 4 answers. In total, the students were posed 13 questions during the summary quiz
(not including the 2 initial dummy questions), of varying levels of difficulty. Although there
was some variability in the length of time it took to complete the quiz, it was found that 13
questions was a suitable number which enabled the quiz to be completed within the one hour
lecture period.

In order to maintain the students’ interest and to test a variety of different skills, it was
decided to design a range of questions of different styles, including arithmetic problem
solving, logical reasoning, spatial aptitude, visual identification of images and other questions
which tested the students understanding of various geotechnical concepts, introduced
previously in the lecture series. As students were allowed to use their notes during the
quizzes, it was important to design questions that both encouraged revision of course
materials but also tested and developed understanding of these materials. At the start of each
quiz the first three questions were not designed to be too taxing, with the correct answer
relatively obvious. In addition to providing students with an opportunity to familiarize
themselves with the format of the quiz, this was also intended to encourage all students to
participate, regardless of their relative academic ability. With one or two exceptions, these
questions were almost always answered correctly. Following these basic questions, the level
of difficulty of the quiz questions was increased in a staged manner, with questions 4-8
designed to be at an intermediate level of difficulty and questions 9-13 designed to be the
most challenging. Intermediate level questions were a little more difficult than the basic
questions and of the possible answers provided, generally contained only two plausible
solutions. In the more challenging questions, the teams had to work out the most likely
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answer from three or four very plausible solutions. An example question from each level of
difficulty is presented in Figure 1.

A maximum time of five minutes was allocated for the teams to answer each of the
questions, and if the majority of teams answered quickly, a 10 second countdown was given
to the final two teams who had yet to provide an answer. In general, the questions were
usually answered within 2-3 minutes.

3.2.  Answers & team results

After all teams had provided an answer, a poll was displayed on the screen which indicated
the percentage of groups who selected a particular response. In the first quiz, a number of
students requested that the answers be explained more thoroughly to the class. As a result of
this feedback, after the poll of selected answers was displayed (but before the correct answer
was highlighted), the merits, or otherwise, of each chosen answer was discussed with the
class. If an appropriate visual aid was available, this was used to demonstrate the validity of
the correct answer to the class. Also, although the class size was relatively large, and the
competitive element to the quiz created a lively atmosphere, as the groups discussed and
debated the possible answers, it was found that due to the high level of interest the activity
was easy to manage. When the answers were being discussed, the students were highly
attentive and curious about why their chosen answer was correct or incorrect.

In order to provide regular feedback to the groups on their performance and relative
ranking relative to the other groups, a scoreboard was displayed on the screen after every five
questions. If there was a tie at the end of the quiz between two or more groups, and this
happened on a number of occasions, a tiebreaker was performed for the relevant groups.
Tiebreaker questions were intended as a light-hearted conclusion to the quiz. As such, these
questions were relatively easy and the overall winner was decided by the group who
responded quickest with the correct answer, using the clicker.

4. Effectiveness of the ARS activities

4.1  Student feedback

Following their final summative exams, feedback was sought from the students to obtain their
impressions of the ARS activities. They were posed eight multiple choice questions and were
asked to provide additional comments on their responses. Using a five-point scale, students
indicated their agreement with each statement (i.e 1 = strongly negative response and 5 =
strongly positive response to the question posed). All responses were gathered via an online
survey.

The first four questions related to the student’s perceptions on the usefulness of the
quiz (Table 1). In general, the feedback received for these survey questions indicates that the
students deemed the exercises to be of considerable valuable. In particular, the responses to
Questions 1 and 2 indicate that the majority of students believed that the quizzes were useful
activities, which helped to improve their understanding of course materials and encouraged
self-assessment. Some comments from students that were associated with these questions
included “Really helped consolidate knowledge”, “They were very useful in terms of
understanding the chapters — point out the key points”, and “allow you to realise potential
weak points”. A similar observation was also made by Schmidt (2011), who observed that
students who participated in clicker induced peer interaction were better at self-assessing and
were more critically aware than students who were not involved in the activity. Of the few
respondents who did not find the exercises particularly useful, some indicated that more
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content could have been covered in the quizzes, which would have been useful in preparing
for the exams and suggested that “it would be helpful if they were assessed so that no
guessing occurs and we would follow the content more closely”. Although it may be worth
considering incorporating a summative element to the summary quizzes, this suggestion is in
contrast to a large number of students who indicated that they appreciated the formative
feedback they had received from the quiz. In fact, the responses to Question 3 imply that the
majority of students found that the quizzes actually assisted their preparation for their final
summative examination. Student comments such as “constantly revising throughout the term
provided recaps, so it was not all crammed in revision week” and “End of section quizzes
made me refresh my knowledge during the semester and when exams came | was surprisingly
stronger than in every other module” supported this view.

Also, although it appears that a majority of students thought that the quizzes improved
their interest in foundation design, the mean result for this question (Question 4) was less
than any other question posed. Example student comments related to this question included:
“The course is generally quite interesting, the quizzes don't really boost the interest” and “the
quizzes really sparked my enthusiasm for the subject matter.”

In the questionnaire students were also asked two questions relating to their
participation in the quiz and their level of interaction with their peers (Table 2). The feedback
received indicated that the format of the quizzes encouraged general participation and, in
particular, a very high level of peer interaction. One of the students suggested that the quiz
format “gave everyone a way to express their own ideas and answers without being
embarrassed or under pressure” with another suggesting that it was “useful to bounce ideas
off my peers when answering the questions”.

Finally, two further questions were posed to the students in the questionnaire (Table
3). As shown, from the responses to Question 7 the students found the level of difficulty of
the quizzes to be reasonable, and if anything a little easy. One of the students suggested that
“Some of the early questions were a little too easy, but they balanced out with some more
challenging questions towards the end”. The feedback, in general, indicates a progression in
the level of difficulty of the quizzes, as originally intended.

Overall, the integration of the quizzes into the course appears to have been very well
received by the students. This could partly be due to the attention devoted to the new activity
by the teacher and the students. One of the primary reasons behind the success of the activity
appears to be the introduction of a competitive element in the quiz (“competitive games are
always fun”), with the majority of the students indicating that they liked being able to work
together in groups and competing with opposing teams. In the last question (Question 8),
students overwhelmingly agreed that the summary quizzes should be given a more permanent
place in the course syllabus.

4.2 Exam performance

As shown in Table 4, the students’ performance, in terms of mean result achieved, increased
considerably when the quizzes were incorporated in the course when compared to the
previous year where they had not been used. Analysis of Variance (ANOVA) carried out on
the data indicates that the difference is significant (p<0.01). It should also be pointed out that
the percentage of students receiving 1% class honours increased considerably and the failure
rate (i.e. percentage of students receiving less than 40 %) also reduced by a substantial
amount. A direct comparison between these datasets is not, however, straightforward, as
some changes to the lecturing staff involved with teaching the course took place during this
time. As a result, any direct conclusions made when comparing the student performance
between the two years may be tenuous.



It should be pointed out, however, that the student responses to Question 3 (Table 1),
which were received after the exam, suggested that the summary quizzes did strongly assist
their exam preparation. This, perhaps, gives credence to the statistical data suggesting that the
regular quizzes impacted positively on the students’ performance.

5. Conclusions
This paper has described how ARS quizzes have been incorporated into an undergraduate
civil engineering course on foundation design. Although others have suggested that one of the
main benefits of the ARS technology is the ability to give every student the opportunity to
contribute with their own clicker, in this study only one clicker was provided for each small
group of students. Overall, the group based ARS summary quizzes were very well received
by the vast majority of students. Although it is difficult to generalise from a single case study
such as this, feedback obtained from the students indicated that the majority believed the
group based quizzes were useful activities, which helped to improve their understanding of
course materials, encouraged self-assessment and assisted their preparation for their
summative examination. The feedback also indicated that the format of the quizzes
encouraged general participation and, in particular, a very high level of peer interaction. The
students also indicated that they enjoyed the competitive side to the quiz, and this definitely
increased the level of interest in the activity. Although the class size was relatively large, and
the competition between groups created a lively atmosphere, it was found that due to the high
level of interest, the activity was easy to manage. As the merits of the different answers were
being discussed with the students, the students were highly attentive and curious about why
their chosen answer was correct or incorrect.

Overall, the integration of the ARS quizzes into the course is considered to have been
a successful exercise in this instance and one that has met its original objectives. Providing
students with clickers does not, however, necessarily guarantee the class will be engaged with
the activity. If an ARS activity is to be successful, careful planning and design should be
carried out and informed by best practice, as discussed in the literature. Relevant student
comments may also provide an excellent source of feedback, upon which modifications to the
activity can be based.
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Table 1. Survey questions relating to the students’ perceptions of how useful they found the quizzes
and corresponding student responses (N=59).

Mean SD
1. Did you find the quizzes to be useful activities? 4.61 0.48
2. Did the quizzes help you to improve your understanding of the course materials? 4.39 0.57
3. Did participation in the summary quizzes improve your exam preparation when 4.30 0.54
compared to other courses?
4. Did the quizzes help to improve your interest in the subject area (Foundation Design)?  3.96 0.62

SD = standard deviation
N = number of student responses



Table 2. Survey questions measuring the students’ participation and interaction during the quizzes and
corresponding student responses (N=59).

Mean SD
5. Did the quizzes encourage you to participate more in class? 4.30 0.62
6. During the quizzes how much interaction did you have with your peers? 4,78 0.56

SD = standard deviation
N = number of student responses

“Note: Question 5 is based on a slightly different scale to the other questions, in this case: 1= No interaction, 5=
A lot of interaction
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Table 3. Additional survey questions and corresponding student responses (N=59).

Mean SD
7. How did you find the level of difficulty of the quizzes?” 3.26 0.40
8. Would you recommend that the summary quizzes are used again next year? 4,78 0.41

SD = standard deviation
N = number of student responses

“Note: Question 7 is based on the different scale to the other questions, in this case: 1= Much too easy, 3= Just
Right and 5 = Much too difficult
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Table 4. Final summative examination results with: (a) quizzes incorporated in the course, and (b) the
previous year’s course where quizzes were not included.

Mean SD 1% Class Failure
Honours Rate
(%) (%) (%)
a. Course incorporating ARS summary quizzes (N=71) 60.22 13.27 23.1 7.7
b. Previous year without ARS summary quizzes (N=70) 52.53 13.08 8.5 14.1

SD = standard deviation
N = number of students sitting the examination
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(a) What type of pile has been installed (b) According to EC7, what is R, if the failure loads
here? of 2 static pile load tests performed on-site are
CEA 800kN and 950kN?

. [Driven castin p\cu:e]

1

2

3. Bored

p 1. 593 kN

. Driven steel H

2. 595kN
3. 599 kN
4. 616 kN

(c) What geophysical technique would be most
suitable for detecting cavities below ém depth
when clay cover is present?

Figure 1. (@) An example of an easy question, in this case the correct answer (highlighted by
a rectangle) is relatively obvious from an inspection of the visual image and a process of
elimination of the incorrect answers. (b) An example of an intermediate level question, where
an incorrect answer (595 kN) could be selected if the correct procedure is not followed
carefully. (c) An example of a more difficult question, where three of the answers provided
are plausible, as GPR, ERT and EM-31 may all be used to identify cavities under certain
situations. In this case, however, GPR may be unsuccessful due to the conductive clay cover
and the EM-31 method has a depth of penetration of around 6m, thereby leaving the ERT
method as the most suitable approach.
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